This study was designed to compare the hepatoprotective activities of aqueous extracts of white ginseng (WG), red ginseng (RG), and fermented red ginseng (FRG) against carbon tetrachloride (CCl4)-induced liver injury. Hence, the activities of antioxidative enzymes, glutathione-S-transferase (GST), superoxide dismutase (SOD), and the amount of reduced glutathione (GSH) as well as the hydrogen peroxide radical scavenging activities of the ginseng extracts were evaluated. The levels of ALT in the serum markedly increased after CCl4 injection, indicating hepatic damage induction. However, the increase in ALT was significantly suppressed when the mice were treated with WG, RG and FRG. The antioxidant enzyme activities of SOD, GSH and GST increased in WG, RG and FRG-treated groups compared to the CCl4-treated group. Strikingly, FRD exhibited more inhibition of oxidative stress compared to WG and RG-treated groups and resulted in a higher amount of metabolites, which were brought about by final hydrolyzed ginsenosides. FRG contains ginsenoside metabolites that are potentially hepatoprotective. These ginsenoside metabolites are produced by RG fermentation by Lactobacillus casei KCCM11114P and Lactobacillus paracasei KCCM11115P. These results confirmed that bacterial fermentation of red ginseng could be a more effective protector against hepatic oxidative damage besides improving bioavailability of absorption resulting from intestinal flora.
Introduction
Ginseng (Panax ginseng C.A. Meyer) is one of the most widely studied medicinal herbs and contains saponin, phenolic compounds, polyacetylene, alkaloids, and polysaccharides (Attle et al,.1999 ).
Ginseng saponins, also known as ginsenosides, have been considered the principal components responsible for the pharmacological and biological activities of ginseng in the reduction of oxidative stress, blood glucose, cholesterol, and triglyceride levels (Cho et al., 2006) , diabetes (Kang et al., 2006) , tumorigenesis (Yan et al., 2006) , and aging (Cheng et al., 2005) . Cytotoxic effects on various cancer cell lines using ginsenoside Rh1 of protopanaxatriol group of ginseng has been reported (Odashima et al., 1985) as well as their anti-inflammatory and anti-allergic actions (Park et al., 2004) . The steaming of fresh ginseng (WG) at a high temperature yields red ginseng (RG) (Nam, 2005) . It has been reported that red ginseng has more powerful pharmacological activities than white ginseng (Abd El-Aty et al., 2008) . The differences in the biological activities of red and white ginseng might arise from chemical structure changes in ginsenosides after the steaming process (Nam, 2005) . Generally, the pharmacological properties of ginseng are attributed to its ginsenoside components. There are more than 60 ginsenosides that have been so far identified and comprise a triterpenoid dammarane structure with modifying sugar moieties. (Jin et al., 2012) Ginsenosides can be classified based on their sapogenins into either protopanaxadiol-type ginsenosides (PDG, e.g., ginsenosides Rb1, Rb2, Rc, Rd, Rg3, Rh2) or protopanaxatriol-type ginsenosides (PTG, e.g., ginsenosides Re, Rg1) . Modification of the sugar chains of ginsenosides may significantly influence their biological activities (Attele et al., 1999) . More recent evidence highlights that orally consumed ginsenosides are digested and processed by human intestinal bacteria, and deglycosylated ginsenoside metabolites are more readily absorbed into the bloodstream and act as active compounds (Kim et al., 2010) . However, the bioavailabilities of these ginsenosides are found to be extremely low (Rb1, 0.1-4.4%; Rb2, 3.7%; Rg1, 1.9-18.4%). Furthermore, most microorganisms used for the transformation of ginsenosides are not of a biodegradable food. In line with this, the efficiency of the conversion and transformation pathways differs greatly owing to the diversity of the Enterobacteriaceae in the human digestive tract. Therefore, the production of more useful transformed ginsenosides with the ability to be more easily digested in the intestines, albeit with targeted biological functions using fermentation is required. In this study, we used Lactobacillus casei KCCM11114P and Lactobacillus paracasei KCCM11115P for fermentation of RG to compare the effects of hepatoprotective properties on CCl4-mediated liver injury. Thus, WG, RG and FRG extracts were examined for their antioxidant effects on liver injury and hepatic damage in serum.
Materials and Methods

Animals
ICR mice (male, 4 weeks old) were obtained from Shizuoka Laboratory Animal Center (Shizuoka, Japan). The mice were given sterilized Teklad certified irradiated global 18% protein rodent diet (Harlan Teklad, Madison, WI, USA) and filtered water. The animals were housed per cage in SPF system maintained at 20±2°C with a relative humidity of 50±5%. The care and treatment of the mice were carried out in compliance with the guidelines established by the Public Health Service Policy on the Humane Care and Use of Laboratory Animals and were approved by the Institutional Animal Care and Use Committee.
Reagents
All chemicals and proteins were obtained from Sigma (USA). The commercial extracts of white ginseng and red ginseng were purchased from KGC (Korea Ginseng Corp. Korea). Prior to red ginseng fermentation, microbial stocks were prepared using Lactobacillus casei KCCM11114P and Young Jun Kim, Dong Won Kim, and Chae Chul Chang / Journal of Trace Analysis in Food and Drugs (2013) 1: 22-29 24 Lactobacillus paracasei KCCM11115P, both obtained from the Korea Gene Bank (Daejeon, Korea). The stocks were prepared by adding MRS media to a bacterial mixture 1.0×10 6 CFU/ml. Fermented red ginseng was produced by mixing stock solution (1/10,000 of red ginseng extracts [w/w]) and sterilized water (15% of red ginseng extracts [w/w]), followed by heat treatment at 85°C for 2 hours. The mixture was then fermented at room temperature for 25°C. The resulting fermented red ginseng was finally stored at -70°C in a freezer.
HPLC analysis
White ginseng, non-fermented and fermented red ginseng extracts were quantified using the HPLC analysis technique. A 20 µl sample was injected into the HPLC column and separated using an acetonitrile gradient from initial run of 20% followed by 100% for 90 minutes. The eluate was monitored at 203 nm. The compositions of each ginsenoside are shown in Table 1 . Figure 1 shows HPLC diagrams of saponins of the three different ginseng types.
CCl4 induced hepatotoxicity in mice
Mice were divided into five groups (control, CCl4, WG+CCl4, RG+CCl4, FRG+CCl4). The three ginseng treatment groups were each administered intraperitoneally 100 mg/kg of their respective ginseng doses for 14 days prior to CCl4 (100 mg/kg) injection. Serum marker enzymes such as alanine transaminase (ALT), aspartate transaminase (AST) and LHD were estimated and compared for each group. Groups 1 and 2 were administered only distilled water (ddH2O) and toxic control (CCl4), respectively. Group 3 mice were treated with standard white ginseng extract at an oral dose of 100 mg/kg and Group 4 mice received the same dose of red ginseng, whereas Group 5 mice were administered fermented red ginseng. The treatment continued once daily for 14 days. On the 14 th day, Groups 2-5 were intraperitoneally injected with CCl4 at a dose of 120 mg/kg while the control group, Group 1, received only distilled water. 24 hours after CCl4 administration, the mice were sacrificed and their blood samples were collected by retro-orbital artery bleeding. The blood samples were centrifuged for 10 minute at 3000rpm to separate the serum. ALT and AST levels were estimated from the serum using standard kits and UV-rate auto analyzer (Hitachi, Japan) and the results expressed as units/litre (U/L). The liver of each mouse was promptly removed and used to determine the levels of SOD, GST and SGH, and an index of oxidative stress was identified using an assay kit (Dojindo, Japan). The MDA content was determined by the thiobarbituric acid method. MDA content was expressed as nanomole, while SOD activity as units per milligram protein (U/mg protein).
Statistical analysis
All values were presented as mean ± standard deviation (SD). One-way ANOVA was applied to evaluate the results for significance of biochemical data of the different groups. A level of p < 0.05 was set as statistically significant.
Results and Discussion
Ginsenoside Components
Lactobacillus casei KCCM11114P and Lactobacillus paracasei KCCM11115P have been used for red ginseng fermentation in this study. Figure 1 show the changes in ginsenoside contents. Each fraction of ginsenoside content was collected from approximately 25 to 90 min.
Fig 1. HPLC chromatograms of saponine and ginsenosides (A) and extracts from femented red ginseng (B).
Quantitative analysis of ginsenoside compounds was performed by comparing them with each ginsenoside standard shown in Table 1 . Ginsenoside content was altered significantly after bacterial fermentation of red ginseng. The amount of ginsenosides in red ginseng, Rb1, Rb2, Rc, Rd, Re and Rg1, decreased after their fermentation while Rg2, 20(S)-Rg3, 20(R)-Rg3, Rh1, Rh2, and M12 increased significantly. (Table 1) . It is well known that PDGs are metabolized by intestinal bacteria after oral administration of ginseng to their final protopanaxadiol type derivatives (Zhou et al., 2008) . Recently, fermented red ginseng has attracted increasing attention in view of its various biological activities, including anti-cancer, antiinflammatory and anti-Diabetes effects . White ginseng and red ginseng also contain many biologically active compounds, the absorption of these transformed compounds of which can be very useful to each individual's intestinal flora.
Effect of WG, RG and FRG on serum ALT, AST and LDH Levels
Mice treated with CCl4 developed severe hepatic damage manifested by a significant increase in activities of AST, ALT and LDH that are indicators of hepatocyte damage and loss of functional integrity (Sahreen et al., 2011) . Table 2 Effects of WG, RG and FRG on liver injury in mice .02 ± 0.59* + Mean ± SD (n = 5). * Indicate significance from the control group, P < 0.01. + Indicate significance from the CCl4 group, P < 0.01. Table 2 , serum levels of the hepatic enzymes AST, ALT and LDH were significantly elevated in the CCl4-treated mice. However treatment with WG, RG and FRG prevented the elevation of ALT enzymes between 30-50% compared to the CCl4 group (Table 2 and Figure 2) , while AST and LDH have similar inhibitory effects. Above all, FRG shows the strongest hepatoprotective effect on the release of serum aminases after CCl4 injection. These results confirmed that the transformed metabolites of FRG effectively decreased the levels of serum transaminases more than the other metabolites of WG and RG.
As shown in
Effects of WG, RG and FRG on liver injury in mice on SOD, GST, GSH, MDA and H2O2 levels
Pretreatment of WG, RG and FRG extracts alleviated CCl4-mediated oxidative stress with an increase in activities of the antioxidant enzymes SOD, GSH, and GST in hepatic samples.
Effects of each ginseng sample on SOD in various treatment groups are shown in Table 3 and Figure  2 . SOD is an effective defense enzyme that is used in dismutation catalysis process of superoxide anions into hydrogen peroxide (H2O2). At a dose concentration of 100 mg/kg each of WG, RG and FRG extract administered mice group the activity of SOD increased to 121. 82 ± 6.34, 134.4 ± 11.19 and 137.63 ± 9 .98 U/mg respectively from CCl4 only treated group value of 78.35 ± 4.23. Subsequently, H2O2 levels in WG, RG and FRG-treated animals are decreased. In contrast, it revealed the significant increases in GST and GSH activity in WG, RG and FRG-treated animals, respectively. Young Jun Kim, Dong Won Kim, and Chae Chul Chang / Journal of Trace Analysis in Food and Drugs (2013) Mean ± SD (n = 5). * Indicates significance from the control group, P < 0.01. + Indicates significance from the CCl4 group, P < 0.01. # Indicates significance from the RG+CCl4 group, P < 0.01. The tissue homogenate from the FRG-treated group had higher radical scavenging activity compared to the WG and RG groups, which were close to the control group's level. This implies that FRG extract possesses a strong free radical scavenging activity and the antioxidant activity and the final derivative protopanaxadiol type of ginsenosides produced by bacteria are important in the protection against CCl4-induced hepatopathy. Malondialdehyde (MDA), a secondary product of lipid peroxidation, is used as an indicator of tissue injury involving a series of chain reactions (Janero et al., 1990) . A significant increase in MDA levels, an indicator of lipid peroxidation, was found in the livers of CCl4-intoxicated mice relative to normal control. After CCl4 administration, the MDA levels increased significantly from 36.07 ± 3.46 to 52.07 ± 3.27 nmol/mg protein in liver tissue homogenate. However, pretreatment of aqueous extracts of WG, RG and FRG for 15 days decreased
